Introduction {#Sec1}
============

The recent coronavirus infectious disease (COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), is placing health systems in serious challenges worldwide. Shocking statistics each day has prompted the World Health Organization to officially declare the COVID-19 outbreak as a pandemic. By June 28th 2020, the rapid virus dissemination has accounted for about 9,843,073 confirmed cases and 495,760 deaths worldwide. Argentina contributed with 55,343 confirmed cases and 1192 fatal victims related to virus local circulation (<https://www.who.int/emergencies/diseases/novel-coronavirus-2019>). Current reports have linked COVID-19-related mortality on the prominent impact of multi-organ dysfunction syndrome. This is a consequence of dysregulated immune responses given by increased cytokine levels (IL-6, IL-10, and TNFα), lymphopenia (in CD4+ and CD8+ T cells), and decreased expression of IFNγ in CD4+ T cells \[[@CR1]\]. This phenomenon was called the "cytokine storm" by some authors and was associated with disease severity and poor outcomes \[[@CR2]\]. On the other hand, in 2018 there were 18 million new cases of cancer worldwide (<https://www.who.int/cancer/PRGlobocanFinal.pdf?ua=1>). Since this disease is considered an immunosuppressive status by itself, especially in some types of cancer, the medical community has become increasingly concerned about the potentially deleterious effects that COVID-19 infection may cause in these patients.

COVID-19 and thyroid cancer {#Sec2}
---------------------------

There is scarce evidence about the impact of COVID-19 infection in patients with a history of thyroid cancer. In an effort to investigate a correlation between cancer and mortality and/or poor prognosis associated with COVID-19 infectious disease, recently two international collaborative clinical trials---the COVID-19 and Cancer Consortium (CCC19) \[[@CR3]\] and Thoracic cancERs international coVid-19 cOLlaboraTion (TERAVOLT) \[[@CR4]\]---were conducted to demonstrate this potential association. In the CCC19 study, data were collected from 928 patients with different types of active and/or previous malignancies (including 30 patients with head and neck carcinomas) and confirmed severe SARS-CoV2 infection from the United States, Canada, and Spain. Among the most significant findings, all-cause mortality was 13% within 30 days of COVID-19 diagnosis. Patients with progressing cancer were found to be 5.2 times more likely to die within 30 days compared with patients in remission or with no evidence of disease. Besides, stable, non-progressing cancer was associated with 1.79 times greater risk of death than no evidence of disease. Overall, 14% of all patients were admitted to the intensive care unit. Mechanical ventilation was required for 12% of all patients, and additional oxygen was required by 44% of patients \[[@CR3]\]. In the TERAVOLT study, 400 thoracic cancer patients from 121 centers in 28 countries were evaluated. The data suggested a high mortality rate (33%) and the main risk factors associated were age (\>65 years), comorbidities, ECOG performance status \>1, steroids more than 10 mg/day, and chemotherapy \[[@CR4]\].

Although these studies show the first experiences related to COVID-19 in patients with cancer, probably the heterogeneous types of cancer, stages, and treatments would not allow drawing definitive conclusions than can be assumed in thyroid cancer patients. Surely this situation would be subject to future research with a longer follow-up. However, the limited current medical evidence suggests that there is no reason to believe that merely a history of thyroid cancer is enough to have an increased risk of developing COVID-19 infection or to evolve into a poor outcome. Nevertheless, some aspects of thyroid cancer treatment and follow-up should not be neglected.

Levothyroxine therapy {#Sec3}
---------------------

The cumulative evidence reveals that thyroid hormones can exert responses on diverse immune cells that affect several inflammation-related processes (such as chemotaxis, phagocytosis, generation of reactive oxygen species, and cytokine production) \[[@CR5]\]. Thus, interactions between the endocrine and immune systems contribute to pathological conditions, including viral infections. Under these circumstances, treatment with levothyroxine could help to re-establish the normal physiological conditions in patients with definitive postoperative hypothyroidism. On the other hand, a recent study showed that hyperthyroidism was associated with an increased release of cytokines implicated in T-cell activation, such as IL-2 and IFN-γ and pro-inflammatory cytokines IL-6 and TNF-α, under inflammatory conditions. Seemingly, these changes did not relate to suppressive TSH levels, but rather to a markedly excess in serum thyroid hormone levels \[[@CR6]\]. *In conclusion, an appropriate thyroid hormone replacement therapy is suggested, to avoid immune dysfunction in patients with postoperative permanent hypothyroidism under non-suppressive therapy*.

Thyroid fine needle aspiration biopsy and surgery {#Sec4}
-------------------------------------------------

The acute effects induced by surgery including immunosuppression should be considered for patients who recently underwent surgical treatment. The relationship between hypothalamic-pituitary-adrenal axis hyper-activation and post-operative state of stress, both physical and emotional, is well known. The persistence of increased cortisol levels, even for several days following surgery, enhances the expression of anti-inflammatory genes in leukocytes, which decreased production of many pro-inflammatory cytokines including IL-1, IL-2, IL-6, IL-11, IL-13, and TNFα as a compensatory mechanism in response to stress \[[@CR7]\]. This negative immunomodulation is enhanced by catecholamine acute release by interacting with receptors present on the surface of immune cells \[[@CR8]\]. Finally, anesthetics and analgesic agents used peri-operatively may have a direct toxic effect on immune system components, including opiates, among others \[[@CR9]\].

However, there is no evidence to suggest that a patient with a recent history of thyroid surgery is at greater risk of infection.

Throughout these more than 100 days of the confinement period, only seven diagnostic fine-needle aspiration biopsies (FNAB) were performed in our institution on thyroid, lymph nodes, and metastatic samples. In addition, one anaplastic thyroid cancer was biopsied to confirm the diagnosis and to perform molecular testing. Besides, ten surgeries due to rapidly progressive or high-risk thyroid cancer were conducted, including total thyroidectomies, lymph node dissections, and brain metastasis exeresis. This implied a decrease in more than 98% of these procedures usually done in the same period in our clinical practice. Aditionally, in four patients, active surveillance was indicated as the first choice approach after a diagnosis of papillary thyroid carcinoma.

*As it was already pointed by several authors, we also postponed diagnostic FNAB and surgeries in our area where we have a more restrictive quarantine phase, otherwise, we recommend maintaining a regular decision-making process* \[[@CR10]\]. *In properly selected patients with suspected low-risk papillary thyroid carcinoma, active surveillance is strongly recommended as the first line of management* \[[@CR11]\]. *Surgery should be done with no delay in patients with rapidly progressing tumors, suspicion of anaplastic, or poorly differentiated carcinomas*.

Radioactive iodine (RAI) therapy {#Sec5}
--------------------------------

In recent decades, several studies have revealed suggestive data about bone marrow toxicity induced by cumulative radioactive iodine doses, leading to B-lymphocytes and helper T-lymphocytes depletion, among other immunity cells. These adverse events depend on the radiation dose and anatomical extension. However, most studies concluded that no clinically relevant immunosuppression is observed with conventional ^131^I low activity \[[@CR12], [@CR13]\]. Although RAI therapy is still considered a tool for the treatment of patients with differentiated thyroid carcinoma, it is advisable to undertake efforts to select the proper candidates for this therapy. In this regard, *we think that the administration of RAI should not be delayed in patients with a high risk of recurrence or with diagnosed and/or suspected distant metastases. However, we have postponed all radioiodine dose administration even considering those patients with an intermediate risk of recurrence. In this last group of patients, RAI may be deferred according to the dynamic risk assessment*.

*While conventional RAI dose therapy does not confer an immunosuppressive status, post-radiation isolation could difficult the support of patients at a potential COVID-19 infection. In this case, postponing RAI therapy is an option that should be individualized considering the risk groups*.

COVID-19 and follow-up of thyroid cancer patients {#Sec6}
-------------------------------------------------

The frequency and modality of surveillance for patients with thyroid cancer in the COVID-19 pandemic must be adapted according to the risk of recurrence and the response to treatment. For patients with low-risk papillary thyroid carcinoma under active surveillance, ultrasound monitoring may be deferred for 4--6 months from the agreed schedule over the first year and further 6 months after the second year.

Patients with an excellent, indeterminate, or biochemical incomplete response to treatment do not constitute a risk group for COVID-19 infection, and the frequency of structural disease is less than 4%, 15%, and 20%, respectively \[[@CR14]\]. Consequently, annual monitoring may be postponed for a further 6--8 months. On the other hand, patients with non-progressive structural incomplete responses, especially those with lymph node involvement, active surveillance could be a valid alternative \[[@CR15]\].

In our experience, 223 patients have been monitored since the COVID-19 pandemic began. Among them, 161 (72%) had an excellent response (ER), consequently, it was decided to postpone the medical appointments through e-mail and/or telephone contacts. There were 55 (25%) patients with indeterminate (IR) and biochemical incomplete (BIR) responses in which most of the controls were postponed, whereas in three patients (5%) a new biochemical assessment was evaluated through telemedicine.

Finally, in the remaining 7 (3%) patients with structural incomplete response, we decided to undergo active surveillance on lymph nodes metastasis with additional biochemical and ultrasound monitoring by office medical appointment.

Multikinase inhibitors (MKIs) in advanced thyroid cancer {#Sec7}
--------------------------------------------------------

Since VEGFR and c-kit are expressed in hematopoietic precursors playing a critical role in normal hematopoiesis and cellular growth, MKIs may induce bone marrow toxicity. MKIs-treated patients may have an increased risk of neutropenia and lymphopenia, with an incidence of up to 5% and up to 13%, respectively \[[@CR16]--[@CR18]\]. These complications can potentially lead to opportunistic infections. The incidence of severe hematological adverse events may be enhanced by the bone marrow damage caused by previous high cumulative doses of radioiodine.

Regardless of speculative conclusions derived from the scarcity of published reports about patients with COVID-19 infectious disease being treated with MKI, *it is strongly suggested that patients under systemic treatment be considered as a risk group for COVID-19 infection and pooroutcomes* \[[@CR3], [@CR4]\]. *The optimal time to start MKIs therapy is always a challenge since the impact on disease prognosis and the impaired quality of life should be taking into consideration in the decision-making. In particular pandemic circumstances, for patients who are candidates to start MKIs treatment, it is extremely important to reconsider the risks and benefits of postponing the beginning of treatment with a personalized clinical evaluation*. In our experience, among 31 advanced thyroid cancer patients, 22 (71%) had disease progression since the onset of the COVID-19 pandemic \[17 differentiated (DTC), 4 medullary (MTC), and one anaplastic thyroid carcinoma\], and the remaining nine patients with stable disease continued MKIs therapy. The assessment of adverse events, biochemical, and imaging in this last group was carried out by telemedicine.

In patients with progressive disease, MKIs was prescribed. Of these 22 patients, seven (32%) were unable to start MKI as a result of (1) not having health insurance coverage, (2) not performing preliminary biochemical tests due to temporary laboratory closings, and (3) the inability to obtain medications due to border restrictions. The remaining 15 patients started MKIs: first-line (*n* = 4, 26%), second line (*n* = 10, 67%), and one patient (7%) could be included in a clinical trial.

*As we believe that it is important to establish a close interaction with the medical staff through remote communication resources to avoid contact with the medical care system as much as possible*, telemedicine controls were carried out in each patient with advanced disease (13,700 sessions: 11,000 and 2,700 in patients with progressive and stable disease, respectively). Office appointments for crucial therapeutic changes for patients with progressive disease (MKI initiation or changes for second or third-line treatments) were also carried out (66 sessions). In comparison with the same period before the pandemic onset, in this group of patients, our data indicate an increase in telemedicine controls by 147%, while office appointments exhibited a decrease of 35.5%.

A decision-making algorithm for patients with COVID-19 under MKIs treatment is described in Fig. [1](#Fig1){ref-type="fig"}.Fig. 1Decision-making algorithm for patients with COVID-19 under MKIs treatment

External beam radiotherapy {#Sec8}
--------------------------

The effects on the lymphocyte count of external radiation therapy administered to treat non-lymphoid cancers have been extensively studied. In patients who received conventional external beam radiotherapy used to treat tumors originating from non-lymphoid tissues, an early reduction of the CD4+/ CD8+ ratio and impairment of antibody production have been observed. The resulting immunosuppressive condition may incur on a severe risk of infections \[[@CR12]\].

Italy, which has been identified as one of the countries most affected by COVID-19, has been established practical indications for patients under radiotherapy. According to this statement, it was approved that if the patient has a fever or respiratory symptoms due to pre-existing morbidity, radiotherapy should be carried out as long as the use of a protective mask is guaranteed. Furthermore, patients may continue treatment only in selected cases, as if their general medical conditions are not compromised by COVID-19 infection, if the oncological condition requires an urgent continuation of radiotherapy, if it is permitted by local health authorities, and if they use of adequate disposable protective equipment is available \[[@CR19]\]. In our latest practice, only two patients had to undergo external beam radiation therapy, performed on brain and pelvic metastasis. *Considering the immunosuppression status acquired after radiotherapy, patients who have previously received external beam radiation to the neck should be considered as at increased risk of severe illness with COVID-19 and a personalized clinical evaluation is suggested*.

The COVID-19 outbreak changed life as we have never imagined. If it was so for persons with no associated disorders, the concerns that we have observed in our patients with a past personal history of thyroid cancer, and the hundreds of questions we have answered regarding the higher risk for a worse outcome of this infection in several conditions associated with thyroid cancer patients prompted us to write this short editorial. As we stated, several different situations should be considered in thyroid cancer patients that may give them a higher risk, but definitive data for these affirmations are not yet available. Therefore, the recommendations provided here remain dynamic and should be tailored according to the doubling rates for confirmed COVID-19 cases as well as the epidemiological circumstances for each region.
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